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Abstract

Background: Nowadays, through the previous researches, it has become clear that Salvia has important health benefits. Salvia
chorassanica is one of the valuable native Iranian species which only grows in Khorasan province, Iran.

Objectives: The aim of this study is to evaluate the antimicrobial effect of Salvia chorassanica root aqueous, ethanolic and hydro
alcoholic extracts on Staphylococcus aureus, Enterococcus faecalis, Salmonella typhimurium and Escherichia coli.

Methods: In this experimental study, maceration method was used to prepare extracts. Study setup was conducted in March
2014.The duration of study setup took for two months. The micro dilution method by ELISA was used to determine the minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of aqueous, ethanolic and hydro alcoholic extracts
of root of Salvia chorassanica against Staphylococcus aureus, Enterococcus faecalis, Salmonella typhimurium and Escherichia coli. The an-
tibacterial effect also was evaluated using agar diffusion method. The inhibition zones of growth against the extracts were measured
in comparison to standards antibiotics. Chloramphenicol as positive control on Enterococcus faecalis, Tetracycline on Staphylococcus
aureus, Gentamicin on Escherichia coli and Neomycin on Salmonella typhimurium. The data were analyzed using one way analysis of
variance (ANOVA) with SPSS version 16.

Results: The highest inhibition zone in diffusion method was related to ethanolic extract of Salvia chorassanica root against Gram-
positive bacteria, Staphylococcus aureus and Enterococcus faecalis. The calculated MIC in aqueous and ethanolic extracts of root for
Staphylococcus aureus was 240 and 120 mg/mL, for Enterococcus faecalis was 120 and 60 mg/mL respectively, and for Escherichia coliand
Salmonella typhimurium was equal to 240 mg/mL. The amount in hydro alcoholic extracts for Gram-positive bacteria was 60 mg/mL
and for Gram-negative bacteria was 120 mg/mL. The extract of Salvia chorassanica root was showed acceptable antimicrobial effect
against studied bacteria.

Conclusions: The results of the disk agar diffusion and micro dilution showed the highest inhibitory effect on the tested bacteria
was related to ethanolic and hydro alcoholic extracts of root Salvia chorassanica. It was also observed that the Gram-positive bacteria
compared to the Gram- negative bacteria, have greater sensitivity against different extracts of Salvia chorassanica.
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1. Background

Plant oils and extracts have been used for a wide vari-
ety of purposes for many thousands of years. In particu-
lar, the antimicrobial activity of plant oils and extracts has
formed the basis of many applications, including raw and
processed food preservation, pharmaceuticals, alternative
medicine and natural therapies [1]. They have variable
mixtures of principally terpenoids, specifically monoter-
penes (C10) and sesquiterpenes (C15) although diterpenes

(C20) may also be present, and a variety of low molecu-
lar weight aliphatic hydrocarbons (linear, ramified, satu-
rated and unsaturated), acids, alcohols, aldehydes, acyclic
esters or lactones and exceptionally nitrogen-and sulphur-
containing compounds, coumarins and homologues of
phenylpropanoids. Terpenes are amongst the chemicals
responsible for the medicinal, culinary and fragrant uses
of aromatic and medicinal plants. Most terpenes are de-
rived from the condensation of branched five-carbon iso-
prene units and are categorized according to the number
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of these units present in the carbon skeleton [2].

Even though pharmacological industries have pro-
duced a number of new antibiotics in the last three
decades, resistance to these drugs by microorganisms has
increased. In general, bacteria have the genetic ability to
transmit and acquire resistance to drugs, which are uti-
lized as therapeutic agents [3]. Due to the increase of resis-
tance toantibiotics, thereisa pressing need to develop new
and innovative antimicrobial agents. Among the potential
sources of new agents, plants have long been investigated.
Because, they contain many bioactive compounds that can
be of interest in therapeutic [4].

The genus salvia (Lamiaceae) with about 900 different
species, divided into five subgenera (Sclarea, Audibertia,
Jungia, Leonia and salvia), present in diverse areas as the
Mediterranean, Central Asia, Pacific Islands, tropical Africa
and America of which 17 species are endemic to Iran. The
genus salvia has widely used in traditional folk medicine.
Previous phytochemical investigations revealed the pres-
ence of phenolic acid and polyphenols, flavonoide glyco-
sides, anthocyanins, diterpenes and sesquiterpenes in the
several salvia species. Different parts of the plant especially
root are a rich source of different phytochemicals includ-
ing terpenoids, polyphenols. Salvia chorassanica is one of
the most valuable species of the salvia genus. This plant is
native to Iran and grows only in Khorasan Razavi province
[5,6].

2. Objectives

The objective of this study was to evaluate the antibac-
terial and inhibition potential of aqueous, ethanolic and
hydro alcoholic extracts of Salvia chorassanica root against
Staphylococcus aureus ATCC 6538, Enterococcus faecalis ATCC
21299, Salmonella typhimurium ATCC 14028 and Escherichia
coli ATCC 25922.

3. Methods

3.1. Preparation Plant

Salvia chorassanica was collected from the Zoshk
heights area of Mashhad, in Khorasan Razavi province, in
March 2014 and taxonomic identification was performed
by the faculty of science herbarium, Ferdowsi university
of Mashhad, Iran.

3.2. Extract Preparation

In this experimental study, Maceration method was
used to prepare extracts. The amount 50 gram of root of
Salvia chorassanica powder was added to 250 mL ethanol
96%, water or mixture of water and ethanol (with ratio 20:

80). Erlenmeyer flask containing the mixture was placed at
laboratory temperature on a magnetic stirrer for 72 hours.
Upper liquid was centrifuged in 3000 rpm for 10 minutes
and was filtered using paper filters (0.45 x). In continua-
tion rotary was used to remove the solvent. In the end, in
order to avoid the effects of light and heat the extracts were
covered with aluminum foil and stored at refrigerator tem-
peratures. All experiments were repeated 3 times [7, 8].

3.3. Preparation of Microbial Suspension

To prepare the microbial suspensions, 24 hours before
experiments, microorganisms were inoculated from stor-
age medium on Muller Hinton agar medium. After the
growth of bacterial strain, the cultures were washed by
Ringer solution and microbial suspensions were prepared.
Then the turbidity was measured by spectrophotometer at
625 nm wavelength and it was diluted by ringer solution
until the solution turbidity equalizes with 0.5 McFarland
standard solutions [9].

3.4. The Disk Diffusion Method

The antimicrobial effects of extracts were assayed by
disk agar diffusion methods. In this method, first one loop
of standard culture of each strain was cultured on agar,
and then it was spread on the surface of agar by sterile
glass spreader. The aqueous extract was diluted by sterile
distilled water and ethanolic and hydro alcoholic extracts
were diluted by 5% dimethyl sulfoxide, and were passed
throughout the 0.45 y filter. Finally the discs were kept
over the agar plates using sterile forceps at 240, 480 and
960 mg/mL concentrations. After placing the plate at 37°C
for 24 hours, the antibacterial activity was observed as inhi-
bition zone on Petri plates. Size of the inhibition zone was
measured in millimeters using a metric ruler [10]. The inhi-
bition zones of growth against the extracts were measured
in comparison to standards antibiotics. Chloramphenicol
as positive control on Enterococcus faecalis, tetracycline on
Staphylococcus aureus, gentamicin on Escherichia coli and
neomycin on Salmonella typhimurium.

3.5. Minimum Inhibitory Concentration (MIC)

The inocula of bacteria were prepared from 24 hours
broth cultures and suspensions were adjusted to 0.5 Mc-
Farland standard turbidity. The aqueous extract of root of
Salvia chorassanica dissolved in sterile distilled water and
ethanolic and hydro alcoholic extracts dissolved in 0.5%
dimethylsulfoxide. These were first diluted to the highest
concentration (960 mg/mL), and then serial twofold dilu-
tions were made. The 96-well plates were prepared by dis-
pensing into each well 95 yL of nutrient broth and 5 pL of
the inoculums (Except well No. 11). A100 pL aliquot from
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Salvia chorassanica root extracts initially prepared at the
concentration of 960 mg/mL was added into the first well.
Then, 100 pL from their serial dilutions was transferred
into ten consecutive wells. Finally 100 uL from well No. 11
was discarded. This well was negative control and well No.
12 was positive control (without extract). The final volume
in each well was 200 pL. Initial turbidity of the wells was
read at a wavelength of 630 nm using the ELISA reader af-
ter 7 seconds. After incubation of the plate at 37°C for 24
hours the readings absorbencies were compared. The low-
est concentration that inhibits the growth of bacteria was
considered as minimum inhibitory concentration [11, 12].

3.6. Minimum Bactericidal Concentration (MBC)

To determine MBC, from each well where no turbidity
was observed, 10 uL were transferred on Mueller Hinton
agar medium. The plates were incubated for 24 hours at
37°C. After the incubation results were evaluated and the
concentration with no growth of bacteria was considered
as minimum bactericidal concentration [13].

3.7. Statistical Analysis

The data were analyzed using one way analysis of vari-
ance (ANOVA) with SPSS version 16. The Duncan’s test was
used to compare the means (P < 0.05).The graphs were
plotted with Slide write and experimental data were pre-
sented as Mean (or average) £ SD.

4. Results

The results of the antimicrobial effects of aqueous,
ethanolic and hydro alcoholic extracts of Salvia chorassan-
ica root by the agar diffusion method were presented in Ta-
ble1.

The results of MIC and MBC of aqueous, ethanolic and
hydro alcoholic extract of Salvia chorassanica root were pre-
sented in Tables 2 and 3.

As presented in Table 1, the maximum inhibition zone
was related to ethanolic extract on Enterococcus faecalis.
The aqueous and ethanolic extracts had no antibacterial
activity against Salmonella typhimurium, Escherichia coli.
The results also showed that the hydro alcoholic extract
compared to ethanolic extract had more antibacterial ac-
tivity and ethanolic extract compared to aqueous was
more effective.

According to the results of inhibition zone of common
therapeutic antibiotics it can be seen that the investigated
extracts against Staphylococcus aureus and Escherichia coli
did not exhibited wider inhibition zone than those of cor-
responding antibiotics.

Zahedan | Res Med Sci. 2016; 18(11):e4860.

The drawn graphs by slide write software to determine
the MIC range of root extracts for tested bacteria were pre-
sented in Figures 1- 3. The graphs were determined the
range of the antibacterial effect of extracts, was the conflu-
ence of the turbidity plot of treatment (microorganisms,
extracts and culture) with turbidity plot of the blank (ex-
tract and culture). The range of MIC is the area that the
growth graph of bacteria was being below control graph,
to the point of confluence of two graphs.

Evaluation of results showed that the inhibitory effect
of ethanolic and hydro alcoholic extracts of Salvia choras-
sanica root on tested bacteria was effective compared to
aqueous extract at the same concentrations and this more
inhibitory effect is proportional to more percentage of ex-
traction of ethanolic and hydro alcoholic extracts. In com-
parison with the percentage of the dry weight of the aque-
ous extract and other extracts can be found that with de-
creasing of dry weight of aqueous extract the amount of
extraction of antimicrobial compounds also was reduced.

5. Discussion

Our results of the disk agar diffusion and micro di-
lution showed the highest inhibitory effect on the tested
bacteria was related to ethanolic and hydro alcoholic ex-
tracts of root Salvia chorassanica. It was also observed that
the Gram-positive bacteria compared to the Gram-negative
bacteria, have greater sensitivity against different extracts
of Salvia chorassanica. New antibiotics were produced by
pharmacological industries in the last three decades. How-
ever, these antibiotics have failed to discourage the growth
of many bacteria that have genetic ability to transmit and
acquire resistance to drugs. Medicinal plants may have the
ability to treat bacterial resistance to many types of antibi-
otics, because of their safety and low cost as well as their
impact on a large number of microbes [14, 15].

Plant based antimicrobial compounds have enormous
therapeutically potential as they can prepared the pur-
pose, without any side effects that are often associated
with synthetic antimicrobials. Plants are used as impor-
tant source for traditional medications [16].

According to our findings in this research, aqueous
extract of this plant had antimicrobial activity only on
Enterococcus faecalis. These results showed that aqueous
extract had the inhibitory effect on Enterococcus faecalis
merely in 480 and 960 mg/mL concentrations. Similarly,
Heidari-Sureshjani et al. [17] found aqueous extract of
S. bachtiarica at 60 and 80 mg/mL had the inhibitory ef-
fect on Enterobacter aerogenes, however, 20 and 40 mg/mL
have no significant antimicrobial effect on E. aerogenes.
These findings may be due to the choice of extraction
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Table 1. Average Diameter (mm) of Microbial Free Zone Area of Aqueous, Ethanolic and Hydro Alcoholic Extracts of Salvia chorassanica Root Extract on Staphylococcus aureus,
Enterococcus faecalis, Salmonella typhimurium and Escherichia coli (Disk Agar Diffusion Method)* b

Type of Extract Microorganism Concentration of Salvia chorassanica Root Extracts, mg/mL
240 480 960
Staphylococcus aureus of of of
Enterococcus faecalis 0¢ 872+ 0.45° 10.41 £ 033°
Aqueous
Salmonella typhimurium 0¢ 0¢ o¢
Escherichia coli of of of
Staphylococcus aureus of of 9.414 0.35°
Enterococcus faecalis 14.32 £ 0.45° 1514 & 056 17.61 % 0.25
Ethanolic
Salmonella typhimurium 0¢ 0¢ 0¢
Escherichia coli oF of of
Staphylococcus aureus of 9.12 4 126" 11.75 4 113°
Enterococcus faecalis 1252 + 017" 13.15 4 0.27° 15.44 + 0.56°
Hydrialcoholic
Salmonella typhimurium o¢ 8254 0.42° 9.33 4 0.27"
Escherichia coli of 812 £ 0.43° 10.48 + 0.34°

?Dissimilar capital letters in a row indicate significant differences (P < 0.05) of the antimicrobial effect of different concentrations.
bSimilar capital letters in a row indicate the lack of significant differences (P < 0.05) of the antimicrobial effect of different concentrations.
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Figure 1. Antibacterial Effect of Aqueous Extract of Root of Salvia chorassanica on Tested Bacteria

method which is applied for extracting the active com-
pounds. It seems that ethanolic and Hydro alcoholic ex-
traction methods are more sufficientin extraction of active
compounds and this can be related to extraction rates of
these two methods. This means that the highest amount
of extract is obtained using hydro alcoholic extraction
method [18]. Researchers showed that the best solvent
which is applied for obtaining raw extract from plant is
ethanol or methanol 80%. Since these mentioned solvents
can solve and extract the 80% of active compounds from

plants [7]. Different types of extracts of Salvia chorassan-
ica root exhibited stronger inhibitory effect on the Gram-
positive bacteria than Gram-negatives bacteria. These re-
sults also supported by the study of Mosafa et al. (2014) [19]
who investigated antimicrobial activity of ethanolic ex-
tract of salvia officinalis against Staphylococcus aureus, Es-
cherichia coli, Pseudomonas aeruginosa and Klebsiella pneu-
moniae. They reported that ethanolic extract of salvia of-
ficinalis was more effective against Gram-positive bacte-
ria than Gram-negative bacteria in vitro. The various ef-
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Figure 2. Antibacterial Effect of Ethanolic Extract of Root of Salvia chorassanica on Tested Bacteria
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Figure 3. Antibacterial Effect of Hydro Alcoholic Extract of Root of Salvia chorassanica on Tested Bacteria

Table 2. Inhibition Zone of Common Therapeutic Antibiotics Against Tested Bacteria
(Antibiogram Test)

Antibiotic Microorganism Inhibition Zone, mm
Chloramphenicol E. faecalis 16
Tetracycline S. aureus 22
Gentamicin E. coli 19
Neomycin S. typhimurium 8

Zahedan | Res Med Sci. 2016; 18(11):e4860.

fects of the extracts on Gram-positive and Gram-negative
can be attributed to cell wall structure. Gram positive
bacteria have more mucopeptide in their cell wall com-
position while gram negative bacteria possess only a thin
layer of mucopeptide and most of their cell wall structure
is composed of lipoprotein and lipopolysaccharides [20].
Different sensitivity between Gram-positive and negative
bacteria can be related to morphological differences be-
tween these microorganisms. In Gram-negative bacteria
with an outer phospholipidic membrane which is carry-
ing the structural lipopolysaccharide components. This
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Table 3. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of Aqueous, Ethanolic and Hydro Alcoholic Extract of Salvia chorassanica
Root on Staphylococcus aureus, Enterococcus faecalis, Salmonella typhimurium and Escherichia coli*®

Type of Extract Bacteria Species MIC, mg/mL | MBC, mg/mL
S.aureus 240 4 0.04¢ 480
Efaecalis 120 £ 0.05° 240
Aqueous
Styphimurium 240 £ 0.03¢ ND
E.coli 240 + 0.03¢ 480
S.aureus 120 £ 0.08° 240
Efaecalis 60 % 0.09" 120
Ethanolic
S.typhimurium 240 £ 0.10¢ ND
E.coli 240 £ 0.07° ND
S.aureus 60 + 0.02" 120
Efaecalis 60 £ 0.23* 120
Hydrialcoholic
S.typhimurium 120 £ 0.10" 480
E.coli 120 £+ 030" 240

Abbreviation: ND, not determent.

?Dissimilar capital letters indicate significant differences (P < 0.05) of the antimicrobial effect of different extract.
bSimilar capital letters indicate the lack of significant differences (P < 0.05) of the antimicrobial effect of different extract.

characteristics in the cell wall leads to impermeability to
lipophilic solutes, while porins create a selective barrier to
the hydrophilic solutes with an exclusion limit of about
600 Da [21].

The result of one-way ANOVA analysis revealed that in-
creasing the concentration of the aqueous, ethanolic and
hydro alcoholic extracts resulted in a significant growth in
inhibition zone. There are significant differences among
mean of all experiments so that we can attribute the pres-
ence or absence of these significant differences to the
amount of active ingredients present in the extracts. In
general, it can be said that effect of extract type, extract
concentration and interaction between extract types and
extract concentration for all tested bacteria in this study
were statistically significant. Bhalodia and Shukla, 2011
[22] reported that antibacterial and antifungal activities of
the hydro alcohol extracts of leaves of Cassia fistula Linn
against two Gram-positive-Staphylococcus aureus, Strepto-
coccus pyogenes-two Gram-negative-Escherichia coli, Pseu-
domonas aeruginosa human pathogenic bacteria-and three
fungal strains-Aspergillus niger, Aspergillus clavatus, Can-
dida albicans-increased linearly with growing in concentra-
tion of extracts (ug/mL). This result is consistent with the
findings of this study.

This study determined that the ethanolic and hydro
alcoholic extracts compared to the aqueous extract was
more effective and had greater inhibitory effect. Heidari
Sureshjani et al. 2015 [17] also showed that ethanolic ex-
tract of Salvia chorassanica had exhibited broad spectrum

activity against Enterobacter aerogenes, Listeria innocua and
Bacillus subtilis as compared to aqueous extract. Previous
chemical investigations on different species of salvia have
shown the presence of flavonoids, diterpenoids, triter-
penoids, sesterterpenes, and essential oils exhibits the an-
titumor, antimicrobial, cytotoxic and anti-inflammatory
activities [23-25].

Alizadeh Behbahani et al. 2015 investigated the an-
tibacterial effects of aqueous and ethanolic Avicenna ma-
rina extracts on Alternaria citri and Penicillium digitatum.
In Alizadeh Behbahani et al.’s study [26] the aqueous and
ethanolic extracts were showed more inhibition zone with
increasing concentration against Alternaria citri and Peni-
cillium digitatum.

The result of this study suggest that extract of Salvia
chorassanica have considerable antimicrobial ability
against the studied strains “in vitro”, which can be used as
an alternative for antibiotics. The inhibition of growth of
tested bacteria, that are known as pathogens, and display-
ing multidrug resistant to antibiotics agents, legitimize
the continued application of this plant in public and
traditional medical practice. Therefore, pharmacological
test is necessary to isolate and characterize their active
compounds. In addition, more studies should be done “in
Situ” and “in vivo”, in order to identify the effective dose of
the extract on the microorganisms and better understand
their safety, efficacy and properties.
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